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Abstract 
This paper proposes dividing of Black Sea Catchment Area’s river basins into four morpho hydrographic regions – 
Dobrudja, East Balkan mountain, lowland of Burgas and Strandzha Mountain. It is based on geomorphologic and 
hydrographic characteristics of rivers and river basins (altitude, valleys, slopes, drainage density, river length, 
catchment shape, stream orders, and curve of the rivers). The work uses GIS to analyze and data of the rivers and the 
river basins collected from basic topographic maps. Digital Elevation Model (DEM), created on the base of satellite 
images, was also used. Based on the data collected for this study some basic hydrographical parameters were 
calculated. This is the first experiment of morpho-hydrographic dividing of the main catchment area in Bulgaria 
using river basins like basic units. It shows a way to unify separate river basins into major areas that can be useful for 
analyzing and research of water resources. 
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1. Introduction 
Morpho-hydrographic analysis in theoretical aspect is a method used for dividing a territory into 
regions while in practical aspect it is a foundation which can be used to enable sustainable and effective 
usage and management of the natural resources. This type of analysis is based on the traditional 
hydrographical and geomorphologic methods as well as on geo-information technologies and GIS.  
The latter opens up the possibility to obtain high analytic precision and also to present the studied 
processes and phenomena in digital and quantitative form.  
This explains why various morphometric studies of river basins in Niger [1, 2], India [3, 4, 5], 
Romania [6, 7], etc, were done using GIS technologies. In Bulgaria the quantitative determination of flow 
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hydrological parameters on the base of the relief using high technology modules of GIS was 
accomplished by [8, 9]. A morpho-hydrographical analysis and division into districts of the coastal zone 
in the Bulgarian Black Sea littoral had been made by [10].  
The fundamental unit of analysis for virtually all watershed and fluvial investigations is the drainage 
basin (catchment or watershed) [11]. Classification of the river basins in most of the existing research has 
been on the basis of existing relations between their morphometrical characteristics and the processes that 
take place in the basins. Respectively the morphometrical parameters have been used to describe and 
compare basins of various ranks and various dimensions.   
The main purpose of this study is to categorize the river basins in the Black Sea Catchment Area on 
the basis of the relief using the tools of the modern information technologies and more specifically GIS.  
Another goal of the study is to make morpho-hydrographic analysis of the researched region which is 
based on calculating of classical hydrographic parameters using GIS. To accomplish the goals mentioned 
above the following approach was used:  
• Geo data base in GIS was created; 
• Digital elevation model (DEM) and cartographic application of the river systems were generated; 
• The river basins were delineated on the basis of DEM; 
• Hydrographical characteristics of the rivers and river basins were measured; 
• Some basic hydrographic parameters of the river basins were calculated; 
Analysis of the received results was made and cartographic zoning of the river basins on the Black Sea 
Catchment Area was completed on the basis of the relief and calculated hydrographical characteristics 
and parameters.  
The fundamental units in the presented study are the river basins of the main rivers in the Black Sea 
Catchment Area (differentiated in the borders of the Black Sea hydro-geographical region in Bulgaria) 
whose distinctive feature is that they are directly flowing into the Black Sea.   
The results of this study can be useful in future research and analysis related to water resource 
management, which is important to the ‘Basins Direction’ agency which is responsible for the water 
management in the region. The agency was founded in 2002 by the ministry of the environment and the 
water resources to conform to Directive 60/2000 of the European Union as well as to conform to national 
laws. 
2. Materials and methods 
2.1. Study area 
The Black Sea Catchment Area (which is part of the Black Sea Hydro-geographic Region in Bulgaria) 
covers area of 16 930 km2. It is 26.5 % of the Black Sea Hydro-geographic Region and 15 % of territory 
of Bulgaria.  
This area is like a large meridional band, broader in its northern part (Fig. 1.). It includes eastern parts 
of the Dobrudzha plateau, the plateaus of Frangen, Momino, Provadia and Roiak, the lowland of Longoz, 
the eastern parts of Balkan Mountain, parts of Hisar and Bakadzhicite uplands and the lowlands of Burgas 
and the Stranzha Mountain.  
The hydrographic specifics of the Black Sea Catchment Area are defined by the geographic 
distribution of drainage density, river configuration, differences in river orders of flow directly discharged 
into Black Sea and the lack of area flow and rivers in the northern part of the researched area [12].  
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Fig. 1. Situation of the Black Sea Catchment Area in Bulgaria 
2.2. Methods 
The methodology of this morpho-hydrographic analysis of Black Sea Catchment Area is based on 
calculating the classical hydrographical parameters and ratios applied to GIS. The main elements of this 
methodology and the structure of this study are the following: collecting data for the researched area from 
various sources and transforming it in digital form; creating geo-information structure through geo-
referencing of the digital data and generating the necessary vector layers with respective data attributes; 
generating Digital Elevation Model (DEM) of the relief and relevant thematic hydrographical 
applications; calculating the  hydrographical parameters and ratios relevant for this study; creating 
scheme to classify the river basins of the Black Sea Catchment Area on the basis of their relief and their 
hydrographic characteristics. 
The data used is primarily from various cartographic sources. The scale of the basic map is 1:50 000. 
The data was geo-referenced in UTM, zone 35T (WGS 84). The data is organized in thematic layers as 
follows: Topographic maps in scale 1:50 000 – raster type of layer; Isolines of the relief with measure 20 
meters – vector type of layer, generated from basic topographic maps; Hydrographic system (rivers, 
waterless rivers, river extensions, canals) – vector type of layer, generated from basic topographic maps; 
Areas of water objects (lakes, reservoirs) – vector type of layer, generated from basic topographic maps; 
DEM – raster type of layer (from ASTER Sensor, Raster Satellite Images); River basins – vector type of 
layer, generated on the base of DEM.  
According to [13] systematic characteristic of the river basins morphometry and their main rivers 
requires measurement of linear aspects of the drainage network, areal aspects of the river basin and relief 
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(gradient) aspects of the river network influenced by the ground slopes. Based on the data collected for 
this study two types of basic hydrographical parameters were calculated. These parameters are the 
following– lineal type (Tl – Total stream length, Ls – Main stream length, Lb – Basin length, P – Basin 
perimeter) and blanket type (A – Basin area and DD – Drainage Density). Some hydrographical ratios, 
which represent the interrelations between characteristics of the river basins and the relief, were also 
calculated. Those are Rc – Circulatory ratio, Re – Elongation ratio, Rf – Form factor and Rl – Lemniscate 
ratio. Those morphometrical parameters and ratios were calculated by formulas proposed by [14, 13, 15, 
16, 17].  
Meandering of the main rivers (Cr – curve ratio) was also calculated, which depends of the geology 
structure and the morphological development of the relief. The form of and slope of the river basins were 
determined as well as the inclination of the main rivers. River orders were classified by [14].  
The ratios Rc, Re and Rf are scalar values which represent the relation of measured areas to lengths, 
which characterize the forms of the basins. They were calculated by the following formulas: 
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Where: 
Rc = Circulatory ratio; 
Re = Elongation ratio; 
A = Basin area; 
P = Basin perimeter; 
Lb = Basin length. 
Lemniscate ratio (Rl) represents the level of formation of the shape of the basins while Cr represents 
the level of meandering of the main rivers, which depends on the relief, geology structure and 
morphology evolution of the valley. Those ratios were calculated by the following equations: 
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Where: 
Rl = Lemniscate ratio; 
Cr = Curve ratio 
Ls = Main stream length; 
L = length of the straight line from sources to mouth of the main river. 
The drainage network of rivers and streams of the Black Sea Catchment Area includes over 500 flows 
and can be organized into different kinds of river systems with different orders and design outlines.  
These river systems have parallel structure in the northern part of the researched area, fenestration 
configuration in the Eastern Balkan and centripetal configuration around the Burgas lowlands [18]. The 
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centrifugal-radial kind of design outlines in southern part of the researched territory is a result of Bosna 
hill’s position. This kind of design outlines can be observed in a lot of places on the boundaries of the hill 
itself as well as on the Boundary Hill of Strandzha Mountain, where the mountain peaks represent centers 
of divergence. The rivers of Black Sea Catchment Area are predominantly small and midsize based on 
their length and the size of their basin area [18] which is similar to the categorization of the rivers in other 
river basins based on these metrics. Differences can be found in the relative number of small rivers – 55.4 
%, which is larger in the researched area compared to the one in country – 46.3 %. Differences can also 
be found in the relatively small number of rivers outside of the major categories. On the basis of 
geographic and hydrographic attributes [19] define the following main valleys in the Black Sea 
Catchment Area– Black Sea Dobrudzha Rivers, Varna-Beloslav’s Rivers, Eastern Balkan Rivers, Rivers 
of Burgas and Strandzha Mountain’s Rivers. This categorization is different than the one used by the 
‘Basins Direction’ agency for water management in the Black Sea Region according to which the 
territory of this region is divided into eight main valleys – Black Sea Dobrudzha Rivers, Provadiyska 
River, Kamchia River, Northern Burgas Rivers, Mandra’s Rivers, Southern Black Sea Rivers, Veleka 
River and Rezovska River. 
3. Results 
The main watershed areas of the Black Sea Catchment Area were demarcated based on the relief using 
GIS. The river orders and the basin orders were determined so that the basin order conforms to the river 
order of the respective main river which specifies the basin (Fig. 2, 3).  
Due to the relatively large size of the researched area a generalization of the information was 
necessary, so when determining the orders of the rivers permanent and temporary water flows were 
considered, but the embryonic erosion forms were not considered.  
Highest river order in the researched area is sixth. Such river orders have Kamchia River and 
Sredetcka River. A characteristic feature of the Black Sea Catchment Area is that rivers increase their 
orders faster while on their upper flows. Some shorter rivers on the coastal zone in sections of Strandzha 
Mountain and Balkan Mountain have as high as fourth and fifth orders.  
Inclinations of the main rivers were defined (Fig. 4). With the lessening of the size of the basin areas 
and lengths of the rivers on the coastal area the longitudinal inclination of the main rivers is extended 
respectively.  
The large number of short rivers with high inclination shape a large number of small and separate river 
basins with intensive erosion processes in them. Their development to a great extent is defined by the 
evolution of the relief and the development of the larger river basins around them. Doing scientific or 
practical study of these river basins in isolation, i.e. without taking into consideration the development of 
the nearby hydrographical units, would not yield good results. Because of that reason in this study a 
statistical approach to modeling with GIS was applied, which allows combining of the river basins with 
small areas into larger hydrographical regions. 
Those hydrographical parameters and ratios represent the influence of the relief on the river basins. 
Those parameters are the following: Area (A), Perimeter (P), Total stream length (Tl), Basin length (Lb), 
Main stream length (Ls), Drainage density (DD), Circulatory ratio (Rc), Elongation ratio (Re), Form 
factor (Rf), Lemniscate ratio (Rl) and Curve ratio (Cr). 
The basin area of the Black Sea Catchment Area ranges from 18 to 5445 km2. The total length of the 
streams shows positive correlation to the basin area for the region been studied. The coefficient of 
correlation between both quantities is 0.86 and the equation has following model: F = 1.04 L1.45 (Hristova 
(Sarafska), 2003a). One exception is the Dobrudzha River Basin where the stream length is highly 
correlated to the geologic materials and the karst landforms of the relief.  
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Fig. 2. River ordering Fig. 3. Basin ordering 
One regularity which can be observed is that as the area of a river basin increases its lengths is also 
increasing as well as respectively the length of its main stream is increasing. The length of the main 
streams of the basins in the southern part of the researched region show larger gradient of increasing 
because of the character of the relief and its evolution as well as because of the development of the 
valleys and the geological structures. Those valleys are characterized with much better meandering.  
The drainage density of the basins in general depends on various factors related to the relief and 
climate such as elevation, ground slopes, geomorphology, geology, precipitation frequency, etc. In the 
case of Black Sea Catchment Area this index primarily shows correlation to the character of the relief, the 
elevation and the inclination of the ground slopes. The index is low in the lowlands and it increases as the 
elevation increases. Dobrudzha karst basin is an exception, where the geology factor modifies the 
drainage density and this index shows anomalous (low) values. Drainage density is the highest 
respectively in the middle and in the southern part of the researched area – Strandzha Mountain and 
Balkan Mountain (Fig. 5, 6).  
Table 1. Morpho-hydrographic parameters and ratios  
Name of the 
river basin 
Type of 
relief 
A P Tl Lb Ls DD Rc Re Rf Rl Cr 
Dobrudzha 
rivers basin 
plains 
1715.6 177.237 57.614 59.443 22.541 0.03 0.69 0.79 0.49 0.51 0.38 
Kioydere-
Vartikodere 
plateaus 
36.5 36.052 11.974 4.602 4.38 0.33 0.35 1.48 1.72 0.15 0.95 
Batovska river 
basin 
plateaus 
435.1 88.429 175.048 30.528 38.474 0.40 0.70 0.77 0.47 0.54 1.26 
Provadiyska 
river basin 
plateaus 
2476.7 296.736 1316.346 98.281 125.878 0.53 0.35 0.57 0.26 0.98 1.28 
Otmanli lowlands 24.0 22.497 14.746 7.368 7.523 0.61 0.60 0.75 0.44 0.57 1.02 
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Name of the 
river basin 
Type of 
relief 
A P Tl Lb Ls DD Rc Re Rf Rl Cr 
Azmak lowlands 280.2 78.576 176.674 18.693 19.673 0.63 0.57 1.01 0.80 0.31 1.05 
Aytoska river 
basin 
lowlands 
692.1 127.448 466.469 44.944 44.374 0.67 0.54 0.66 0.34 0.73 0.99 
Aheloy lowlands 157.3 74.148 108.769 26.644 35.709 0.69 0.36 0.53 0.22 1.13 1.34 
Kamchia 
low 
mountain 
and 
lowlands 5445.5 486.372 4492.426 145.192 190.191 0.82 0.29 0.57 0.26 0.97 1.31 
Panairdere hilly lands 61.3 37.655 53.119 14.842 13.11 0.87 0.54 0.60 0.28 0.90 0.88 
Fakuda hilly lands 94.1 67.839 83.391 9.188 4.959 0.89 0.26 1.19 1.11 0.22 0.54 
Sredecka river 
basin 
hilly 
lands 2482.6 253.673 2307.258 60.795 72.141 0.93 0.48 0.93 0.67 0.37 1.19 
Hadzhidere hilly lands 427.1 127.752 401.347 43.656 49.683 0.94 0.33 0.53 0.22 1.12 1.14 
Diavolska 
river basin 
hilly 
lands 137.0 76.537 129.892 24.112 34.664 0.95 0.29 0.55 0.24 1.06 1.44 
Silistar hilly lands 43.5 35.466 43.263 9.842 11.365 0.99 0.43 0.76 0.45 0.56 1.15 
Ropotamo hilly lands 265.7 107 268.474 33.114 43.973 1.01 0.29 0.56 0.24 1.03 1.33 
Karadere hilly lands 29.5 26.334 31.161 7.316 5.99 1.06 0.53 0.84 0.55 0.45 0.82 
Karaagach hilly lands 223.0 64.739 240.791 19.692 28.087 1.08 0.67 0.86 0.58 0.43 1.43 
South Black 
See Rivers 
Basin 
low 
mountain 
111.6 61.33 123.471 8.573 10.475 1.11 0.37 1.39 1.52 0.16 1.22 
Fandakliyska 
river basin 
low 
mountain 79.1 41.767 91.093 16.569 22.002 1.15 0.57 0.61 0.29 0.87 1.33 
Dry rivers 
basin 
low 
mountain 17.9 19.165 20.997 3.855 3.759 1.17 0.61 1.24 1.21 0.21 0.98 
Dvoynica low mountain 345.9 93.895 407.412 32.572 44.175 1.18 0.49 0.64 0.33 0.77 1.36 
Vaia low mountain 64.7 37.986 78.459 11.778 8.901 1.21 0.56 0.77 0.47 0.54 0.76 
Drashtela low mountain 28.5 23.655 35.359 8.542 10.882 1.24 0.64 0.71 0.39 0.64 1.27 
Veleka low mountain 786.8 173.59 1041.050 60.307 106.027 1.32 0.33 0.52 0.22 1.16 1.76 
Rezovska river 
basin 
low-
mountain 186.6 161.452 336.445 46.687 207.544 1.80 0.09 0.33 0.09 2.92 4.45 
 
For the researched area this index is characterized with a lot of anomalous values. Contrary to 
expectation 72 % of the Black Sea Catchment Area consists of oval-shaped basins and the values of Re 
for about half of them are under 0.6. This is a good condition for managing a crisis situations related to 
extreme values of the flow.   Small numbers of basins in the studied region are characterized with circular 
shape and the only one of them with somewhat larger area is Sredetska River Basin, which is situated in 
lowland of Burgas. A special feature of the region is the presence of basins with width larger than their 
respective length. These are the cases where the values of Re are over 1. Most of these are basins with 
small areas concentrated on the coastal zone with short and strong inclined rivers.  
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Fig. 4. River inclination Fig. 5.  Drainage Density of the Black Sea Catchment Area 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6.  Slopes of the Black Sea Catchment Area Fig. 7.  Lemniscate ratio of the Black Sea river basins 
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According to a number of studies (Miller, 1953, Nageswara, et al., 2011, Rawat, et al., 2011) the level 
of elongation of the basins is influenced by various factors such as main stream lengths, relief, geology, 
ground slopes, climate, vegetation factor, etc. 
Average values for Re have been measured from 0.6 to 0.7 for basins laid over a homogenous rock 
types and respective average values for Re have been measured from 0.4 to 0.5 for quartzites. However 
this conclusion cannot be drawn for the Black Sea Catchment Area because of relief pattern variety, 
geology, climatic and vegetation factors.   
It has been ascertained that very good correlation exists between the Elongation ratio and the Form 
factor for the basins of the study area, with correlation coefficient R2=0.99. This value of R2 shows that 
the basins with elongated shape have better stage of modeling than the basins with circular shape, which 
is the result of longer duration of evolution. 
Positive correlation was established between Rl and the main stream length (Ls) as well as between Cr 
and Ls. The correlation coefficient between Rl and Ls is 0.74 and between Cr and Ls is 0.70. Better 
correlation between Rl and Cr was established respectively, with correlation coefficient of 0.87, which 
shows that for the studied region both ratios (Rl and Cr) are related to the stage of the geomorphology 
evolution of the valleys and the river basins formed by them.  
This relation can be illustrated by creating spatial models of the territory distribution of the basins in 
reference to Rl and Cr (Fig. 7, 8). 
Negative correlation was also established between the Elongation ratio and the Leminiscate ratio. It 
confirms the conclusion that the basins with elongated shape are better developed than the basins with 
circular shape in the Black Sea Catchment Area (see Table 1).  
This result shows that oval-shaped basins situated on the high relief of the Strandzha Mountain and 
Balkan Mountain areas are characterized with better shaped outlines and longer duration of their 
evolution then the basins in the lowlands. This result also shows that the shape of the basins in the Black 
Sea Catchment Area is primarily under influence of geology and endodynamic factors which influence 
the evolution of the relief in the studied region.  
Based on this study four large morpho-hydrographic regions were defined and a classification of all 
the river basins was created (Table 2, Fig. 9). Each of the morpho-hydrographic regions includes from 2 
to 3 sections which depend on the relief and drainage density. 
4. Discussion 
The Black Sea Catchment Area is characterized with a great diversity of the relief. The structure of its 
hydrographic system together with its universal regularities is also known by some regional peculiarities 
that are typical to the region thus the difficulty with classification of hydrographical units in the 
researched territory. The area is also characterized by a big number of small separate river basins whose 
development is directly connected with the larger neighboring ones. The morpho-hydrographic dividing 
of the main hydrographic area made in this study shows a way to classify and group together small river 
basins into larger regional units by various criterions. 
From the morpho-hydrographic analysis of Black Sea Catchment Area made in this study, by using 
classical morpho-hydrographic parameters and ratios as well as establishing correlations, a conclusion 
can be drawn that Black Sea Catchment Area is characterized by well developed river basins in the 
mountain areas whose typical elongated shapes are a result of longer duration of their evolution and that 
their development depends on the geological structures and endodynamic factors that determine the 
development of the relief in studied territory.  
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Fig. 8.  Curve ratio of The Black Sea river basins Fig. 9.  Morpho-hydrographic dividing of Black Sea Catchment  
 
Table 2. Morpho-hydrographic dividing of Black Sea Catchment Area 
Name of the river basin DD Section Region 
Dobrudzha rivers basin 0.03 plains 
Dobrudzha Karsts Region Kioydere-Vartikodere 0.33 plateaus Batovska river basin 0.40 
Provadiyska river basin 0.53 
Kamchia 0.82 low mountain and lowlands 
East Balkan Mountain 
Panairdere 0.87 
hilly lends Hadzhidere 0.94 
Karadere 1.06 
Fandakliyska river basin 1.15 
low mountain 
Dry rivers basin 1.17 
Dvoynica 1.18 
Vaia 1.21 
Drashtela 1.24 
Otmanli 0.61 
lowlands 
Lowland of Burgas 
Azmak 0.63 
Aytoska river basin 0.67 
Aheloy 0.69 
Fakuda 0.89 hilly lends Sredecka river basin 0.93 
Diavolska river basin 0.95 
hilly lends 
Strandzha Mountain 
Silistar 0.99 
Ropotamo 1.01 
Karaagach 1.08 
South Black See rivers basin 1.11 
low mountain Veleka 1.32 
Rezovska river basin 1.80 
DD (0 – 0.60) – karsts plane and plateaus ;  DD (0.61 – 0.70) – lowlands; DD (0.71 – 1.10) – patterned relief (mountains, 
lowlands and hilly lands); DD (1.10 – 2.00) – low mountains 
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5. Conclusion 
The created morpho-hydrographic dividing of Black Sea catchment Area is joining the small 
catchment areas and tracing out four large regional units. These are Dobrudzha Karsts Region, East 
Balkan Mountain Region, Lowland of Burgas and Strandzha Mountain. The differentiated morpho-
hydrographic regions in this study confirm the differentiation of the same area created by Hristova et al. 
(2010) but also give reason to joining Varna-Beloslav’s Rivers into Black Sea Dobrudzha Rivers. The 
results of this study and the morpho-hydrographic dividing here can be used by ‘Basins Direction’ agency 
for water management in the Black Sea Region for creation of water cadastre and for more equable 
apportionment of water recourses between the individual users. 
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